A novel extremely halophilic archaeon, designated SAH-A6
closely related members of the genus Halorubrum were below 55 %, suggesting that the new isolate constitutes a different genospecies. On the bases of chemotaxonomic, phenotypic and genotypic data, strain SAH-A6
T (=KCCM 43215  T =JCM 31519  T ) represents a novel species of the genus Halorubrum, for which the name Halorubrum aethiopicum sp. nov. is proposed.
The genus Halorubrum was originally proposed by McGenity and Grant [1] and constitutes a large group of extremely halophilic and red-pigmented micro-organisms belonging to the family Halorubraceae [2] . At the time of writing, Halorubrum is the largest haloarchaeal genus consisting of 35 validly published species names [3] . They were isolated from the wide variety of natural or artificial hypersaline environments such as marine salterns, soda lakes, salt lakes, saline soils, salt-fermented foods and salt-preserved food products [4, 5] . Species of the genus Halorubrum require 2.9-30.4 % (w/v) NaCl for growth and grow optimally at 9.9-30.4 % concentrations of NaCl [1, 6] . These described species grow with the temperature range of -1-58 C [7, 8] and optimally at C [1, 5, 9, 10] . Most of the genus members are neutrophilic although five species are alkaliphilic: Halorubrum alkaliphilum DZ-1 T (growing optimally at pH 9.0-10.0) [11] , Halorubrum gandharaense MK13-1 T (at pH 9.0-9.5) [12] , Halorubrum luteum CGSA15 T (at pH 9.5-10.0) [13] , Halorubrum tibetense 8W8 T (at pH 9.0-9.5) [14] and Halorubrum vacuolatum M24 T (at pH 9.5) [15] . The major polar lipids of the species of Halorubrum consist of phosphatidylglycerol (PG), phosphatidyl glycerol phosphate methyl ester (PGP-Me), as well as phosphatidyl glycerol sulfate (PGS) or glycolipids such as sulfated diglycosyl diether or sulfated mannosyl glucosyl diether, depending on the species [5] . The DNA G+C content range of the genus Halorubrum is between 60.2 and 71.2 mol% [1, 5] . Further investigations from different environments are required to improve our understanding of the ecology, physiology, genetics and potential of the species of Halorubrum for biotechnological applications. The aim of this study was to carry out the taxonomic characterization of strain SAH-A6 T , an extremely halophilic archaeon isolated from commercial rock salt produced from the Danakil Depression in Ethiopia. We propose Halorubrum aethiopicum as a novel species in the genus Halorubrum based on its phylogenetic, chemotaxonomic and phenotypic characterizations.
The strain was isolated by spreading dissolved commercial rock salt from Lake Afdera in Ethiopia (13 17¢ N 40 55¢ E) on solid modified growth medium (MGM) at NaCl concentration of 20 % (w/v) prepared as described by Dyall-Smith [16] . After incubation for 2-4 weeks at 50 C, a red colony was obtained and several transfers on the same medium were done for obtaining a pure culture. For long-term preservation, strain SAH-A6
T was frozen at -80 C in MGM liquid medium supplemented with 5 % (v/v) dimethyl sulfoxide (DMSO). Strain Hrr. halodurans CECT 8745
T was obtained from the Spanish Type Culture Collection and strains Hrr. rubrum JCM 18365
T and Hrr. aquaticum JCM 14031 T were obtained from the Japan Collection of Microorganisms. Hrr. cibi B31 T was obtained in our previous study [9] . Reference strains were grown on Japan Collection of Microorganisms (JCM) medium no. 574 at 37 C [17] .
Cell morphology and size were observed by transmission electron microscopy (Carl Zeiss). Gram staining was performed according to Dussault [18] . All the phenotypic and chemotaxonomic tests were carried out in accordance with the proposed minimal standards for the descriptions of new taxa in haloarchaea [19] . [20] . Mg 2+ requirement was tested using the medium 574 containing MgCl 2 at final concentrations of 0, 5, 10, 20, 50, 100, 200 or 500 mM. The pH range for growth was determined using the medium 574 at pH values of 5.0-11.0 at intervals of 1.0 adjusted using 10 mM 2-(N-morpholino) ethanesulfonic acid for pH 5.0 and 6.0; 10 mM Bis-Tris propane for pH 7.0, 8.0 and 9.0; 10 mM 3-(cyclohexylamino)À1-propanesulfonic acid for pH 10.0 and 11.0. Growth temperature was determined in the range of 5-60 C at intervals of 5 C, as well as 37 C on the medium 954. The oxidase test was performed by using oxidase reagent, 1 % aqueous solution of N, N,N¢,N¢-tetramethyl-p-phenylenediamine dihydrochloride. Catalase activity was determined by adding a 1 % (w/v) H 2 O 2 solution to colonies. Standard tests for nitrate and nitrite reduction in aerobic conditions [21] , urease activity, indole formation, and hydrolysis of starch and casein were performed as described by Benson [22] . The hydrolysis of gelatin, Tweens 20, 40 and 80 was tested as described by Guti errez and Gonz alez [23] . DNA hydrolysis was determined according to Gonz alez et al. [24] . H 2 S production was detected according to Cui et al. [25] . Anaerobic growth was tested in the presence of 30 mM nitrate, 5 g DMSO, 5 g L-arginine or 5 g trimethylamine N-oxide (TMAO) in an anaerobic chamber (Coy Laboratory Products) where the atmosphere comprised N 2 /CO 2 /H 2 (90 : 5 : 5, by vol.). To determine the utilization of various substrates as carbon and energy sources, the following substrates (1 %, w/v) instead of casamino acids in a halophile medium (HMD) were supplemented with 10 mM Bis-Tris propane as follows: acetate, citrate, DL-lactate, fumarate, glucose, glycerol, lactose 4 , 0.5 g casamino acids and 200 g NaCl. For the acid production test, the utilized carbon sources (1 %, w/v) were supplemented in unbuffered broth HMD and acid production was measured with the pH meter (Schott). Determination of the antibiotic susceptibility was tested by spreading cell suspensions onto the 574 agar plates and then adding filter paper discs (6 mm in diameter) with antibiotic concentrations (g per disc amount) as follows: ampicillin (10), cycloheximide (30) , erythromycin (15), gentamicin (10), kanamycin (30) , nalidixic acid (30), rifampicin (30), streptomycin (10), tetracycline (30) and vancomycin (30) .
Strain SAH-A6
T was able to grow at NaCl concentrations ranging from 15 % to 30 % with optimal growth at 20-25 % NaCl. The strain did not require Mg 2+ for growth. It grew in the pH range of 6.0-9.0 (optimal at 7.0) and at temperature of C (optimal 37-45 C). Catalase activity was positive, but oxidase and urease activities were negative. The strain was able to reduce nitrate to nitrite, but was not able to reduce nitrite in aerobic conditions. Strain SAH-A6 T was not able to hydrolyse starch, casein, gelatin, Tweens 20, 40 and 80; and not able to produce indole from tryptophan. DNA hydrolysis was not detected and H 2 S was not produced from thiosulfate. Strain SAH-A6
T was not able to grow under anaerobic conditions using nitrate, DMSO, L-arginine or TMAO. Strain SAH-A6
T was resistant to the following antibiotics: ampicillin, cycloheximide, erythromycin, gentamicin, kanamycin, nalidixic acid, streptomycin, tetracycline and vancomycin. However, it was sensitive to rifampicin.
The genomic DNA of stain SAH-A6
T was extracted using the G-spin Total DNA Extraction Kit (iNtRON Biotechnology). This DNA was used as template for subsequent PCR amplification for sequencing the 16S rRNA gene, together with PCR premix (iNtRON Biotechnology) using the forward and reverse primers 0018F (5¢-ATTCCGGTT-GATCCTGCC-3¢) and 1518R (5¢-AGGAGGTGATCC AGCCGC-3¢), respectively [26] . The RNA polymerase subunit B (rpoB') gene was amplified according to Minegishi et al. [27] . The amplicon sequences were assembled using the SeqMan program (DNAStar). The 16S rRNA gene and rpoB' gene sequences of the related taxa were obtained from EzBioCloud [28] and GenBank (www.ncbi.nlm.nih.gov), respectively. The gene sequences of strain SAH-A6
T and related species were aligned using the multiple alignment BioEdit software version 7.2.5 [29] . The 16S rRNA and rpoB' gene sequence similarities were determined using EzBioCloud and a BLAST search, respectively. The phylogenetic trees were generated by using the minimum-evolution (ME) [30] , maximum-likelihood (ML) [31] and neighbourjoining (NJ) [32] algorithms with 1000 randomly selected bootstrap replicates with MEGA6 [33] . The comparison of 16S rRNA gene sequences of strain SAH-A6
T with other members of the genus Halorubrum indicated that it was closely related to the members that have a similarity greater than 97. Hrr. cibi B31 T in the phylogenetic tree based on the 16S rRNA gene sequences (Fig. 1) . The phylogenetic analysis based on the rpoB' gene sequences showed that the strain clustered with Hrr. halodurans Cb34 T , Hrr. aquaticum JCM 14031 T and Hrr. cibi JCM 15757 T with nucleotide identities of 99.7, 99.3, and 99.0 %, and other members of the genus Halorubrum with nucleotide identities of <99.0 % (Fig. 2) . The phylogenetic trees based on the 16S rRNA and rpoB' genes showed that strain SAH-A6
T was associated with the genus Halorubrum, but differed from other Halorubrum species.
Draft genome sequences and the genomic DNA G+C content of strain SAH-A6
T were obtained from our previous report [34] . The average nucleotide identity (ANI) value was determined with genomes of Hrr. halodurans Cb34 T (GenBank accession number: NHPJ00000000), Hrr.
aquaticum CGMCC 1.6377 T (JGI project id: 1057974) and
Hrr. cibi DSM 19504 T (JGI project id: 1128891), which were the sequenced strains having a similarity greater than 98.0 % of the 16S rRNA gene sequence, by using an ANI calculator based on the orthoANIu algorithm (http://www.ezbiocloud.
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Haloplanus aerogenes TBN37 T (GQ282625) net/tools/ani) and ANIb based on BLAST+ (http://jspecies. ribohost.com/jspeciesws) [35] . The reference strains Hrr. halodurans CECT 8745 T , Hrr. rubrum JCM 18365 T , Hrr. aquaticum JCM 14031 T and Hrr. cibi B31 T were chosen for DNA-DNA hybridization (DDH) based on the 16S rRNA gene sequence similarities. DDH experiments were performed by the fluorometric method using photobiotinlabelled DNA probes and MaxiSorp FluoroNunc microplates (Nunc) as described by Ezaki et al. [36] . For the estimation of in silico DDH values of strain SAH-A6
T with the related strains, the Genome-to-Genome Distance Calculator (GGDC 2.1) was used with BLAST+ and formula 2 (http://ggdc.dsmz.de/distcalc2.php) [37] . The genomic DNA G+C content of strain SAH-A6 T was 68.0 mol% [34] . The DNA G+C content of strain SAH-A6
T is within the range of reported values for the genus Halorubrum (60.2-71.2 mol%) [1, 5] T and Hrr. cibi B31 T were extracted from biomass cultured in the medium 574 at 37 C. The polar lipid analysis was performed according to the method described by Minnikin et al. [39] using Merck silica gel 60 F254 plates for thin-layer chromatography (TLC). To determine the polar lipid composition, each plate was sprayed with detection reagent as follows: 10 % ethanolic molybdophosphoric acid for total lipids, a-naphthol-sulfuric acid for glycolipids, and molybdenum blue for phospholipids. Polar lipid analysis of strain SAH-A6
T revealed that PG, PGP-Me, unidentified glycolipids (GL1-2), unidentified phospholipids (PL1-2) and unidentified lipids (L1-3) were the major lipids (Fig.  S1 , available in the online version of this article). Strain SAH-A6
T showed similar lipid pattern to the reference strains, but the unidentified lipids (L1 and L3) were absent in other strains. It was reported that the glycolipid sulfated diglycosyl diether (S-DGD-3) was identified in Hrr. pallidum [40] , sulfated mannosyl glucosyl diether (S-DGD) was identified in Hrr. halodurans and Hrr. saccharovorum [41] and GL2 chromatographically identical to sulfated mannosyl glucosyl diether (S-DGD-3) was identified in Hrr. rubrum [42] . Based on one-dimensional TLC analysis, the GL1 in strain SAH-A6
T was chromatographically identical to the S-DGD identified in Hrr. halodurans [41] or S-DGD-3 identified in Hrr. pallidum [40] and in Hrr. rubrum [42] .
Differential characteristics of strain SAH-A6
T and other closely related members of the genus Halorubrum are shown in Table 1 . Based on the distinguished characteristics (phylogenetic, chemotaxonomic and phenotypic analysis), strain SAH-A6
T represents a novel species in the genus Halorubrum, for which Halorubrum aethiopicum sp. nov. is proposed.
DESCRIPTION OF HALORUBRUM AETHIOPICUM SP. NOV.
Halorubrum aethiopicum (ae.thi.o¢pi.cum. L. neut. adj. aethiopicum from Ethiopia).
Cells are Gram-strain-negative and pleomorphic ovalshaped (0.5-0.8 µm) or rod-shaped (0.4-0.6Â1.0-1.5 µm). Colonies are red-pigmented, circular, convex and smooth. Growth occurs in NaCl concentrations ranging from 15-30 % with optimal at 20-25 % NaCl, at pH range of 6.0-9.0 (optimal at 7.0) and temperature of 30- 
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